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(57) ABSTRACT

A housing for a high voltage tank has a boiler which 1s open
on one side and a circuit board cover which closes the boiler.
At least one strain gauge i1s arranged on or in the circuit
board cover such that 1t 1s expanded or compressed with a
pressure-induced deformation of the circuit board cover. A
housing of this type 1s particularly suited as a high voltage
tank for an x-ray emitter. An impermissible pressure in the
housing for a high voltage tank can be determined easily and
reliably.

8 Claims, 1 Drawing Sheet
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HIGH-VOLTAGE TANK FOR
HIGH-VOLTAGE GENERATION,
INCLUDING A STRAIN GAUGE FOR TANK
PRESSURE MEASUREMENT

CROSS-REFERENCE TO RELATED
APPLICATION

This  application claims the  benefit, under
35 U.S.C. § 119, of German patent application DE 10 2017
200 766.4, filed Jan. 18, 2017; the prior application 1is

herewith incorporated by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The mvention relates to a housing for a high voltage
generation tank. The housing has a boiler which 1s open on
one side and a circuit board cover which closes the boiler.
The mvention also relates to a high voltage tank for high
voltage generation with a housing of this type. The invention
also relates to an associated method for operating a high
voltage tank.

A high voltage tank (acronym: HVT) 1s required to
generate a high voltage for an x-ray emitter when x-ray
radiation 1s generated. The HV'T 1s frequently embodied in
a boiler design having a metallic housing filled with a liquid
insulating medium. On the one hand, the high voltages
required for generating x-ray radiation can thus be realized
in a small installation space. On the other hand, the resulting
heat losses of the electrical components can be eflectively
absorbed by the liquid insulating medium, for instance an
insulating oil, due to 1its high thermal capacitance, and
distributed by the convection of the same in the event of
temperature differences. In such cases the insulating oil
heats up and expands.

Known mineral insulating oils have a thermal expansion
coellicient of between 700 and 950 ppm/K. Since the
insulating o1l cannot be compressed, one constructional
possibility of compensating for the change in volume (for
instance expansion vessel, surge tank) of the insulating o1l 1s
required 1n the x-ray emitter and HVT. Elastic expansion
tanks are known. A so-called expansion tank 1s typically
manufactured from an oil-resistant membrane material (ni-
trile, silicon, etc.) with msulating properties. On account of
the pressure of the expanding nsulating oil, the membrane
1s deformed and compressed and thus provides for a pressure
compensation.

On account of this compensation mechanism, internal
pressures in the boiler of the HV'T are avoided with rises in
temperature, wherein in practice however naturally only
limited expansion volumes can be made available. If the
available electronic temperature sensors fail or the function
of the membrane 1s damaged or restricted (e.g. with an
incorrect basic setting or due to aging effects which result 1in
stiffening of the compensation membranes for instance),
such high pressures develop in the boiler, which can burst
the boiler. Therefore, according regulations concerning pres-
sure vessels, the o1l-filled boilers must at least briefly be able
to withstand the expected pressure which may occur three
times.

If a thin-walled deep-drawing boiler with a two-dimen-
sionally closing circuit board cover 1s used together with
clectrical interface functions (power supply lines, measure-
ment signals, connection technology etc.), deformations of
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the boiler are already triggered with a slight positive pres-
sure on the iside of the boiler (especially due to heat

development).

The functionality of the HV'T 1s compromised here by the
following risks:

occurring shearing forces, which can significantly damage

the seals; it may result 1n insulating o1l escaping.

i1 further safety functions (membranes, temperature sen-

sors) fail, the iner pressures may build up until the
boiler bursts.

parts of the interface function of the circuit board cover

can be impaired or significantly damaged even with
minimal mechanical tensions.

compactness testing of the high voltage generation device

for ensuring that no msulating o1l loss can occur during
the service life, with three-times the maximum operat-
Ing pressure.

Impermissibly high pressures can be determined by a
pressure sensor which measures the pressure in the boiler
directly. The outer air pressure must however be supplied to
the pressure sensor on the rear side (relative pressure mea-
surement), as a result of which the pressure sensor must
inevitably be embedded in the boiler wall, which requires an
additional opening and extensive cabling.

Alternatively, the absolute pressure of the insulating o1l
can also be measured in the closed boiler, wherein two
sensors are required however: one for the msulating o1l and
a second for the surrounding atmosphere. When a high
voltage generation tank 1s produced, this results 1n matching
and accuracy problems.

For safety reasons, 1n most cases an additional pressure
switch for emergency shutdown 1s therefore integrated (=a
further opening in the boiler wall). The pressure switch 1s
however a mechanmical component with correspondingly
high pressure tolerances for the switching torque. Moreover,
mechanical pressure switches are only suitable from a
minimum pressure difference of approx. 0.5 bar.

SUMMARY OF THE INVENTION

It 1s accordingly an object of the invention to provide an
encasement for a high-voltage tank which overcomes the
above-mentioned and other disadvantages of the heretofore-
known devices and methods of this general type and which
provides for a novel and improved housing for a high
voltage tank, a high voltage tank and a method for operating
a high voltage tank, which can detect pressure variations on
the 1nside of the housing.

With the foregoing and other objects 1mn view there 1s
provided, 1n accordance with the invention, a housing for a
high voltage tank for high voltage generation, the housing
comprising;

a boiler having an opening on one side;

a circuit board cover disposed to close said opening of

said boiler; and

at least one strain gauge disposed on or in said circuit

board cover such that said at least one strain gauge 1s
expanded or compressed with a pressure-induced
deformation of said circuit board cover.

The objects of the invention are achieved with the hous-
ing, the high voltage tank and the method for operating a
high voltage tank of the independent claims. Advantageous
developments are specified in the dependent claims.

Since the mechanical stability of a circuit board cover lies
clearly below that of a boiler of a housing of a high voltage
tank, the pressure differences on the inside of the housing
firstly appear as a deformation on the circuit board cover (as
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an outward bulge with a positive pressure and as an inward
bulge with a negative pressure). In accordance with the
invention, this deformation 1s detected directly by means of
a strain gauge and 1s used for monitoring or, 1f a threshold
1s reached, for switching off.

To this end, the strain gauge can be glued externally onto
the circuit board cover or itegrated into the circuit board
cover. The strain gauge has a pressure or deformation-
dependent resistance. A downstream test circuit, for instance
in the form of a half or full bridge (e.g., a Wheatstone
bridge), can detect the changes 1n the resistance of the strain
gauge as a result of the mechanical deformations.

The mnvention claims a housing for a high voltage tank for
high voltage generation, having a boiler which 1s open on
one side and a circuit board cover which closes the boiler,
wherein at least one strain gauge 1s arranged on or in the
circuit board cover such that 1t 1s expanded or compressed
with a pressure-induced deformation of the circuit board
cover.

In one development, the boiler 1s a so-called Gastronorm
container. Gastronorm 1s a popular international container
system, which, by using standard sizes, allows food con-
tainers to be easily replaced and 1s emploved in food-
processing businesses as well as 1n commercial kitchens.
The use of a Gastronorm container 1s a cost-ellective variant
for a deep-drawn boiler.

The mvention 1s advantageous 1n that an impermissible
pressure 1 a housing for a high voltage tank can be
determined easily and reliably.

In accordance with an added feature of the invention, an
insulating o1l can be present 1n the inside of the housing.

In accordance with an additional feature of the invention,
the housing has a test circuit configured to detect changes in
resistance in the strain gauge.

In accordance with another feature of the invention, the
test circuit comprises a Wheatstone bridge circuit.

In a further design, an electric safety circuit connected
clectrically to the test circuit may be present, which 1s
embodied to switch ofl a high voltage generation with a
predeterminable limit value of a change in resistance in the
strain gauge.

With the above and other objects 1n view there 1s also
provided, in accordance with the mvention, a high voltage
tank for high voltage generation having a high voltage
transformer, which 1s arranged inside a novel housing as
outlined above.

Finally, there 1s also provided a method for operating a
high voltage tank according to the invention, wherein the
high voltage generation 1s switched ofl with an expansion or
compression of the strain gauge which exceeds a predeter-
minable limit value.

Other features which are considered as characteristic for
the invention are set forth 1n the appended claims.

Although the invention 1s 1llustrated and described herein
as embodied 1n a housing for a high voltage tank, high
voltage tank for high voltage generation and method for
operating a high voltage tank, 1t 1s nevertheless not intended
to be limited to the details shown, since various modifica-
tions and structural changes may be made therein without
departing from the spirit of the invention and within the

scope and range of equivalents of the claims.

The construction and method of operation of the inven-
tion, however, together with additional objects and advan-
tages thereol will be best understood from the following
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description of specific embodiments when read 1n connec-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 shows an oblique view of a housing with strain
gauges;

FIG. 2 shows a cross-section of a housing with an arched
circuit board cover with strain gauges; and

FIG. 3 shows a block diagram of a circuit arrangement for
determining a positive pressure in a housing and also
indicates the transformer inside the housing.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Referring now to the figures of the drawing in detail and
first, particularly, to FIG. 1 thereof, there 1s shown a per-
spective view of a housing, or encasement, of a high voltage
tank for high voltage generation. The housing has an
upwardly open boiler 1 or vessel, which 1s sealed in a
pressure-tight manner with a circuit board cover 2. Inside the
housing, there 1s disposed a high voltage transtormer in an
insulating o1l 3. A strain gauge 4 1s glued to the circuit board
cover 2 and 1s connected to a test circuit (not shown). FIG.
1 does not show an impermissible positive pressure in the
housing. The circuit board cover 2 1s flat and not arched or
deformed. The compensation membranes 7 for pressure
compensation are not stressed.

FIG. 2 shows a cross-section taken through a housing
according to FIG. 1. Here, the insulating o1l 3 inside the
boiler 1 1s expanded by a rise 1n temperature and has already
completely compressed the compensation membranes 7.
The pressure on the mside of the housing 1s so large that the
circuit board cover 2 1s arched outwards and as a result
expands the strain gauge 4. The change in resistance caused
by the expansion can be determined with the aid of the test
circuit.

The basic state can be determined and changes detected
and assessed by means of the test circuit, having AD
converters/FPGA and associated software. Before damage-
relevant deformations can occur, the high voltage generation
can thus be switched ofl with the aid of the safety circuit. As
a result, the temperature 1n the iside, which results inter alia
in a higher pressure, can be reduced for mstance. If a rare
age-induced failure of the membranes occurs, this damage
can be determined before the isulating o1l can escape from
the housing. This must be avoided at all costs due to the
detrimental environment effects of the nsulating o1l 3.

The deformation of the circuit board cover 2 and 1its
determination with the strain gauge 4 has been detected
experimentally for a 3.2 mm thick circuit board cover 2. In
such cases a somewhat parabolic association 1s indicated
between the expansion of the strain gauge 4 and force on the
circuit board cover 2.

FIG. 3 shows a block diagram of a circuit arrangement for
determining a positive pressure 1 a housing of FIG. 1 and
FIG. 2. The strain gauge 4 1s electrically connected to a test
circuit 3. The strain gauge 4 rests on the circuit board cover
2 of the housing. The test circuit may have a Wheatstone
bridge for assessment. The test circuit 5 1s connected to a
satety circuit 6, which ensures that the high voltage genera-
tion 1s switched ofl i1f a predeterminable pressure in the
boiler 1 1s exceeded. As a result, the insulating o1l can cool
down and the pressure decreases. A high voltage transformer
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8 1s located inside the boiler 1. All 1n all 1t 1s part of a high
voltage tank 9 for an x-ray emuitter 10.

The HVT typically also contains a sensor for the oil
temperature. Since the pressure and temperature are 1nevi-
tably associated after closing the boiler 1, the P-T curve (in

other words the change 1n the strain gauge 4 as a function of

the o1l temperature) can be recorded 1 a calibration step
(e.g. during the otherwise necessary testing of the boiler 1),
and 1s continuously monitored during further operation. In
this way 1t 1s not only an o1l loss that can be detected by a
leak 1n the HV'T, (the pressure would be too low for the

current temperature), but also a gas formation as a result of

flashovers 1n the o1l (due to the gas the pressure would be too
high for the current temperature). These two problems were
previously not detectable using conventional technology
(temperature or pressure switch).

Although the invention has been illustrated and described
in detaill by the preferred exemplary embodiments, the
invention 1s not restricted by the examples given and other
variations can be derived therefrom by a person skilled in the
art without departing from the protective scope of the
invention.

The following 1s a summary list of reference numerals and

the 1nvention:
1 Boiler, vessel
2 Circuit board cover
3 Insulating o1l
4 Strain gauge
5 Test circuit
6 Safety circuit
7 Compensation membrane
8 High voltage transformer
9 High voltage tank
10 X-ray emuitter

5

10

15

20

the corresponding structure used 1n the above description of 25

30

35

6

The mnvention claimed 1s:
1. A housing for a high voltage tank for high voltage
generation, the housing comprising:
a boiler being open on one side;
a circuit board cover disposed to close said boiler; and
at least one strain gauge disposed on or in said circuit
board cover such that said at least one strain gauge 1s
expanded or compressed with a pressure-induced
deformation of said circuit board cover.
2. The housing according to claim 1, further comprising,
insulating o1l contained on the inside of said housing.
3. The housing according to claim 1, wherein said boiler
1s a Gastronorm container.
4. The housing according to claim 1, further comprising
a test circuit configured to detect changes 1n a resistance 1n
said at least one strain gauge.
5. The housing according to claim 4, wherein said test
circuit comprises a Wheatstone bridge circuat.
6. The housing according to claim 1, further comprising
a safety circuit electrically connected to said test circuit and
configured to switch off a high voltage generation upon
detecting a change in resistance of said at least one strain
gauge has reached a limit value.
7. A high voltage tank for high voltage generation, com-
prising;:
a housing according to claim 1; and
a high-voltage transformer disposed in said housing.
8. A method for operating a high voltage tank, the method
comprising;
providing a housing according to claim 1 with a high-
voltage transformer 1n the housing;
generating high-voltages with the high-voltage trans-
former; and
monitoring the strain gauge of the housing and, when an
expansion or a compression of the strain gauge exceeds

a predeterminable limit value, switching off the high
voltage generation.
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